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© Input row drivers for programmable logic devices. 



© Multi-function Input pins in a programmable logic 
device are connected to select circuitry which is 
programmed at device program time. Output signals 
generated by one or more output logic macrocells 
are also connected to such select circuitry. The 
select circuitry generates a signal which is used to 
drive a row of the array. If an input pin is used for 
providing a control signal, it is not connected to the 
array, and the output circuitry can drive that row of 
the array with an output signal which it generates, or 
with an Input signal obtained from an associated 
input/output pin. 
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INPUT ROW DRIVERS FOR PROGRAMMABLE LOGIC DEVICES 



The present invention relates generally to in- 
tegrated circuit devices, and more specifically to 
input and output circuitry useful in a programmable 
logic device. 

Programmable logic devices are becoming in- 
creasingly popular in the electronics industry be- 
cause of their flexibility. These devices allow a user 
to configure a standard part to perform a wide 
variety of logic functions. Since a single standard 
device can be configured many different ways, the 
total cost of using such a device in a system can 
be significantly less than the cost of custom de- 
signed parts; especially in cases where product 
volume is not extremely large. 

One popular type of programmable logic de- 
vice has evolved from simpler programmable logic 
arrays (PLA). These devices include an AND-OR 
array. In such an array, a plurality of row input lines 
cross a plurality of product term output lines in 
such a manner that any row line may be connected 
to any or all of the product term lines. This is 
generally implemented as a rectangular grid of 
horizontal and vertical overlapping signal lines, with 
the capability of making a connection between two 
signal lines at each cross-point. The row lines all 
run In one direction, while the product term signal 
lines run at right angles to the row lines. 

In general, row signal lines are provided to 
represent the true and inverted values for all input 
signals to the device. The connection of row signal 
lines to the product term signal lines provides the 
AND function of the array. Groups of product term 
signal lines are OR'd together to provide the OR 
function of the array. Each group of product term 
signal lines which are ORd together are connected 
to an output logic block which provides output 
Signals to an inpuVoutput pin. These output logic 
blocks are often referred to as output logic macro- 
cells (OLMC). 

A typical programmable logic device has sev- 
eral dedicated input pins, which are used solely to 
provide input signals to the array. Input/output pins 
connected to the output logic macrocells can typi- 
cally be programmed to function as output pins, 
being driven by the associated output logic macro- 
cells, or as additional Input pins. When an 
input/output pin is programmed to function as an 
Input, the associated output logic macrocell is not 
used. Output logic macrocells typically include 
both combinatorial and sequential logic, either of 
which can be used to drive the input/output pin 
when it is programmed to provide an output signal. 
The functions of the output logic macrocells are 
defined at device program time as known in the art 

Many programmable logic devices also include 



multi-function input pins. These pins can be used 
as data inputs, in which case they function the 
same as the dedicated input pins. Alternatively, 
they can be programmed to perform various con- 

s trol functions, and are used to provide signals such 
as a device clock signal (used to drive sequential 
circuitry), input latch enable, and output enable. As 
is the case with the remainder of the device, these 
multi-function input pins are programmed to per- 

10 . form a selected function at device program time, 
with the programming information typically being 
stored in EEPROM or a similar non-volatile storage. 

Additional Inputs to the AND-OR array can be 
provided by feedback signals from the output logic 

75 macrocells. When the output logic macrocells are 
programmed to function in this manner, an output 
signal Is generated which is applied to a row of the 
array. Ths feedback output signal may or may not 
be applied to the associated input/output pin. Such 

20 a programmed function for the output logic macro- 
cell is often referred to as a buried logic function. 

Physical limitations exist on the number of 
rows which can be provided In the array. A single 
row driver, which provides a true and Inverted 

25 signal to the array, is typically connected to each 
output logic macrocell. If the cell is programmed to 
provide a buried output signal, such output signal 
is provided to this row driver. If the associated 
input/output pin Is programmed to function as an 

30 input, it is connected to the same row driver, and 
the output logic macrocell is unused. 

In programmable! logic devices, it is always 
desirable, but often difficult, to make full use of the 
input and output pins of the device. Providing 

55 buried outputs and using input pins to provide 
control signals limits the number of pins which are 
available for use as input and output Using 
input/output pins for input is also wasteful of re- 
sources, since the associated output logic macro- 

40 cells are not used. It would be desirable to provide 
circuitry and a device design which allows as com- 
plete as possible use of all input and input/output 
pins on a device. 

It is therefore an object of the present invention 

45 to provide circuitry connected to input and output 
signal pins which allows better utilization of AND- 
OR array inputs in a programmable logic device. 

It is a further object of the present invention to 
provide such circuitry which allows array row dri- 

60 vers for multi-function input pins to be utilized 
when the associated input pins are used for control 
functions. 

It Is another object of the present invention to 
provide such circuitry which allows output logic 
circuitry to be used to generate feedback signals 
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while using an associated input/output pin for input. 

Therefore, according to the present invention, 
multi-function input pins in a programmable logic 
device are connected to select circuitry which is 
programmed at device program time. Output sig- 
nals generated by one or more output logic macro- 
cells are also connected to such select circuitry. 
The select circuitry generates a signal which is 
used to drive a row of the array. If an input pin is 
used for providing a control signal, it is not con- 
nected to the array, and the output circuitry can 
drive that row of the array with an output signal 
which it generates, or with an input signal obtained 
from an associated input/output pin. 

The novel features believed characteristic of 
the invention are set forth in the appended claims. 
The invention itself however, as well as a preferred 
mode of use, and further objects and advantages 
thereof, will best be understood by reference to the 
following detailed description of an illustrative em- 
bodiment when read in conjunction with the accom- 
panying drawings, wherein: 

Figure 1 is a diagram of a portion of a program- 
mable logic device according to the present 
Invention; and 

Figure 2 is a block diagram of an output logic 
macrocell and associated select circuitry ac- 
cording to the present Invention. 
Referring to Figure 1, a programmable logic 
device, referred to generally with reference number 
10, contains an AND-OR array 12. As shown in 
Figure 1, row signa! lines run vertically in the 
drawing, and product term signal lines run horizon- 
tally. For clarity of explanation, Figure 1 illustrates 
only a small number of row and product term 
signal lines. As will be appreciated by those skilled 
in the art, an actual programmable logic device 
constructed according to the present invention will 
typically have a much larger number of row and 
product term signal lines. 

Dedicated input signal pins 14, 16, 18, 20 are 
connected to associated row drivers 22, 24, 26, 28, 
respectively. Each row driver generates a true and 
inverted signal corresponding to its input. These 
signals are connected to separate rows within the 
array 12. For example, row driver 22 generates a 
true signal on signal line 30 and an inverted signal 
on line 32. The signal lines 30, 32 are connected to 
row lines 34 and 36 respectively. As is known in 
the art, only one input signal is connected to each 
row signal line, and connection may be made be- 
tween any given row signal line and any or all 
product term signal lines in the array 12. Each of 
the remaining row drivers 24, 26, 28 connected to 
dedicated input pins 16, 18, 20 provides input to 
the array 12 in a similar manner. 

OR gates 38, 40, 42, 44 provide a logical OR 
function of several product term lines. For example, 



gate 40 ORs together the four product term signal 
lines 46. This provides the OR function of the array 
12. Although only four product term signal lines 46 
are shown connected to each OR gate, a larger 

s number is typically provided in actual devices. 

The outputs of OR gates 38, 40, 42, 44 are 
connected to output logic macrocells (OLMC) 48, 
60, 52, 54, respectively. Each OLMC drives an 
output buffer 56 and provides a buffer enable sig- 

10 nal line 58 to enable or disable the output buffers 
56. The various output buffers 56 are used to drive 
the input/output pins 60, 62, 64, 66 associated with 
the OLMCs. Input signal lines 68 are also con- 
nected to each input/output pin in order to provide 

75 a signal path between the input/output pin and the 
associated OLMC when such pin is used for input. 

Each OLMC 48, 60, 52, 54 provides an output 
signal to an associated row driver 70, 72, 74, 76. 
As described above, each row driver 70-76 pro- 

20 vides true and inverted inputs to the array 12. 

Input pin 78 is a multi-function pin used to 
provide either an input signal to the array 12 or a 
clock signal for the output logic macrocells 48-54. 
Signal line 80 is used to connect input pin 78 to a 

25 select circuit 82 and a buffer 84. As will be de- 
scribed in more detail in connection with Figure 2, 
when pin 78 is programmed to function as an input 
pin, select circuit 82 connects signal line 80 with 
row driver 86. When pin 78 is programmed to 

30 provide a clock signal, select circuit 82 ignores all 
signals present on line 80. Instead, buffer 84 pro- 
vides a clock signal on line 88 to each of the 
OLMCs. When pin 78 is used as an input pin, each 
of the OLMCs is programmed to ignore the signal 

35 which is present on clock signal line 88. Alter- 
natively, buffer 84 can be programmed to generate 
a fixed value regardless of input 

Pin 100 is also a multi-function pin. It can be 
programmed to provide an input signal to the array, 

40 or to provide a latch enable (LE) signal to latch the 
signals present on input pins 14-20. When pin 100 
is programmed to function as an input pin, signal 
line 102 connects input pin 100 to select circuit 
104. Select circuit 104 connects the signal on line 

45 102 to row driver 106, which applies the signal 
present on input pin 100 to the array 12. 

When pin 100 Is programmed to function as a 
latch enable signal, select circuit 104 ignores all 
signals present on line 102. Instead, buffer 108 is 

$o used to generate a latch enable signal on line 110. 
Signal line 110 is connected to Input latches 112, 
which are used to latch the current values of the 
signals available on input pins 14-20 when the 
signal on pin 100 has the appropriate value. When 

65 pin 100 is being used as an input pin, latches 112 
are programmed to ignore the output of buffer 108, 
and the signals on input pins 14-20 are transmitted 
directly to the associated row drivers 22-28. 
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Select circuits 82, 104, in addition to being 
connected to signal lines 80, 102 as described 
above, are connected to outputs from the adjacent 
OLMCs. Thus, select circuit 82 has three inputs: 
one found on signal line 80 and one each provided 
by OLMCs 48 and 50. A selected one of these 
inputs can be connected to row driver 86, with the 
input to be connected being selected at device 
program time. If desired, select circuit 82 can be 
programmed to connect no inputs to row driver 86. 
The OLMCs can be programmed to provide one of 
several possible outputs directly to the associated 
row driver and the adjacent select circuit. This 
allows a wide variety of Input signal combinations 
to be connected to the array 12. For example, If pin 
78 is used to provide a clock signal, OLMC 48 can 
be programmed to provide a buried output feed- 
back signal to row driver 70, and to use 
input/output pin 60 as an input by connecting it to 
row driver 86 through select circuit 82. 

Referring to Figure 2, details are shown of a 
preferred implementation for the output logic 
macrocells and select circuits. Only OLMC 50 is 
shown in detail, but the remaining OLMCs function 
in the same manner. 

Select circuit 82 contains a multiplexer 120 
having three inputs. A program latch 122 contains 
the program bits used to select an input line to the 
multiplexer 120 to be connected to row driver 86. 
Since three input lines are connected to multiplexer 
120, two program bits must be provided by the 
program latch 122. The four bit combinations pro- 
vided by program latch 122 cause either one of the 
three inputs to be connected to row driver 86, or no 
input (i.e., a predefined value) to be so connected. 

Output logic macrocell 50 contains com- 
binatorial logic 124 connected to the output of OR 
gate 40. As known in the art, various combinatorial 
logic functions may be defined in the combinatorial 
logic block 124 through the use of program latches 
and multiplexers. At least one combinatorial logic 
output signal line 126 is provided, and is preferably 
connected to the input of flip-flop 128, which can 
be, for example, a D flip-flop as shown. Flip-flop 
128 has a clock input signal connected to signal 
line 88 as shown in Figure 1 and has a Q output 
connected to signal line 130. if desired, the in- 
verted output front flip-flop 128 may be provided 
and connected to other logic elements, but this is 
not shown in Figure 2. 

The outputs from combinatorial logic circuitry 
124 and flip-flop 128 are provided to multiplexers 
132 and 134. Multiplexer 132 is controlled by pro- 
gram latch 136 and provides an output signal for 
connection to multiplexer 120. Multiplexer 134 is 
controlled by program latch 138, and provides an 
output signal for connection to row driver 72. 

The outputs from the combinatorial logic block 



124 and D flip-fiop 128 are also connected to 
multiplexer 140 which is controlled by program 
latch 142. Multiplexer 140 provides the output sig- 
nal which is connected to output buffer 56, and 

s either the sequential output signal from flip-flop 
128, or the non-sequential signal from com- 
binatorial logic 124, may be selected. A buffer 
enable signal is provided to buffer 56 on line 68 by 
output buffer control circuitry 144. If a multi-func- 

70 tion input is used to provide an output enable 
signal (not shown), such signal will be connected to 
control circuitry 144 in order to provide the buffer 
enable signal on line 68. 

As described above, pin 62 can be defined to 

t5 function as either an output pin or an input pin. If 
pin 62 functions as an output pin, it is driven by 
output buffer 56 as described above, if pin 62 is to 
be used for input, a program latch included with 
output buffer control circuitry 144 applies a buffer 

20 enable signal to line 58 which permanently disables 
output buffer 56. Signal line 68 is then used to 
connect signal pin 62 with the OLMC 50. 

When pin 62 is defined to function as an input 
pin, it is necessary that it be connected to a row 

25 driver to the array. This is accomplished by con- 
necting signal line 68 to both multiplexer 132 and 
multiplexer 134. This allows the signal on input pin 
62 to be used to drive either row driver 72 or row 
driver 86. Signal line 68 is also connected to signal 

30 line 146, which provides an output signal from 
OLMC 50. Signal line 146 is connected to another 
OLMC (not shown), and can be connected thereth- 
rough to a row driver. Signal line 148 provides an 
input signal from another OLMC, which may or 

35 may not be the OLMC to which signal line 146 is 
connected. Signal line 148 is connected to both 
multiplexer 132 and multiplexer 134. Signal line 
148 is connected through the other OLMC to the 
input/output pin associated with such other OLMC. 

40 An output line analogous to output signal line 146 
from the other OLMC provides the signal con- 
nected to signal line 148 in OLMC 50. 

As will be appreciated by those skilled in the 
art, a wide variety of signal combinations may be 

45 applied to row drivers 72 and 86. This may be 
done in combination with use of input pin 62 as 
either an input pin or an output pin. For example, 
signal line 80 could be connected to row driver 86 
through multiplexer 120; output pin 62 could be 

50 driven by the output from combinatorial logic cir- 
cuitry 124, and the input/output pin of another 
OLMC can be used as an input pin and connected 
to row driver 72 through signal line 148 and mul- 
tiplexer 134. As another example, a signal on line 

55 80 could be used as a clock signal; pin 62 could 
be used as an input pin and connected to row 
driver 72 through signal line 68 and multiplexer 
134; and a buried output signal can be generated 
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by the output of flip-flop 128, and connected to row 
driver 86 through multiplexer 132 and multiplexer 
120. 

Although only two multi-function input pins 
have been described, actual devices can have four 
or more. Any type of control function can be treat- 
ed in a manner similar to that described, as will be 
apparent to those skilled in the art. 

Use of the selection circuitry described herein 
allows for increased utilization of available row dri- 
vers. It also allows an output logic macrocell to be 
used for buried output while its associated 
input/output pin is used to provide an input signal 
to the device. This increased utilization of the limit- 
ed number of input and output pins available on a 
programmable logic device can allow such device 
to be programmed to perform logic operations 
which could previously only be performed on prog- 
rammable logic devices having a greater number of 
input and output pins. Such increased utilization 
can contribute to an overall decreased system cost 
for systems containing the programmable logic de- 
vice. 

While the invention has been particularly 
shown and described with reference to a preferred 
embodiment, it will be understood by those skilled 
in the art that various changes in form and detail 
may be made therein without departing from the 
spirit and scope of the invention. 



Claims 

1. An input circuit for a programmable logic device 
having an AND-OR array and a plurality of output 
circuit blocks, comprising: 

a row driver buffer having an output connected to 
the array; and 

a select circuit having an output connected to said 
row driver buffer, and having inputs connected to 
an input pin and to an output of at least one output 
circuit block; 

wherein one of the select circuit inputs is con- 
nected to the select circuit output according to 
program information stored with said select circuit 
when the device is programmed. 

2. The input circuit of Claim 1, wherein said select 
circuit has inputs connected to two output circuit 
blocks and the input pin. 

3. The input circuit of Claim 1, wherein the input 
pin is also connected to an alternate buffer so that 
the Input pin can be used to provide a control 
signal instead of an input signal. 

4. The input circuit of Claim 1, wherein the output 
of the output logic block connected to said select 
circuit contains one of the following signals: 

a signal provided as input to a pin connected to the 
output logic block; 



a combinatorial logic signal generated by the out- 
put logic block; or 

a sequential logic signal generated by the output 
logic block. 

5 5. "Hie input circuit of Claim 4, wherein the output 
of the output logic block connected to said select 
circuit can instead contain the following signal: 
an output signal provided from a different output 
logic block not connected directly to said select 

io circuitry. 

6. A logic circuit for use in a programmable logic 
device having an AND-OR array, comprising: 

a row driver connected to the array; 
a selector connected to said row driver; 

rs a device input pin connected to said selector; and 
an output logic block having an input connected to 
the array, an input connected to a device 
input/output pin, an output connected to the device 
Input/output pin, and an output connected to an 

20 input of said selector. 

7. The circuit of Claim 6. further comprising: 

a second output logic block having an input con- 
nected to the array, an Input connected to a sec- 
ond device input/output pin, an output connected to 
25 the second device input/output pin, and an output 
connected to said an input of selector. 

8. The circuit of Claim 6, wherein said output logic 
Includes a second selector providing the output 
connected to an input of said selector, said second 

so selector having inputs connected to: 
the device input/output pin; 
an output of a combinatorial logic circuit within said 
output logic circuit; and 

an output of a clocked logic device within said 
95 output logic circuit 

9. The circuit of Claim 8, wherein said second 
selector also has an input connected to a second 
device input/output pin through a second output 
logic block. 

40 10. A programmable logic device, comprising: 
an AND-OR array; 

a plurality of dedicated device Input pins connected 
to said array through row buffers; 
a plurality of output logic blocks having inputs 
45 connected to said array, and having inputs and 
outputs connected to device input/output pins cor- 
responding therewith; 

an input selector having an output connected to a 
row driver connected to said array, and having at 
so least one input connected to an output logic block; 

and , 
an input pin connected to an Input of said input 
selector and to an alternative input buffer for per- 
forming control functions. 
55* 11. The device of Claim 10. wherein each of said 
output logic blocks further Includes an output to a 
row driver connected to said array. 
12. The device of Claim 10. wherein at least one 



5 



9 



EP 0 426 283 A2 



output logic block further includes: 
selection means for providing to said input selector 
a signal selected from the following: an output of a 
combinatorial logic circuit within the output logic 
block, an output from a clocked device within the s 
output logic block, and a signal present on the 
corresponding device input/output pin. 

13. The device of Claim 12, wherein said selection 
means comprises a multiplexer. 

14. The device of Claim 12, wherein said selection w 
means provides the signal with the further possible 
selection of. a signal present on a device 
input/output pin corresponding to output logic block 

not connected directly to said input selector. 
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